We have cloned c-Irx2, a chick homologue of the Xiro2 and mIrx2 genes and a new member of the Iroquois family of homeodomaincontaining transcription factors. Strikingly, c-Irx2 expression reveals an early subdivision of the neural plate at late primitive streak stages which later transiently resolves to a single stripe within the developing hindbrain corresponding to rhombomere 1. q
Results
In Drosophila, caupolican, araucan and mirror are three highly homologous homeobox-containing genes which belong to the Iroquois complex. These genes are thought to be part of a`pre-pattern' which governs the spatially localised expression of the proneural achaete-scute genes that in turn determine the sites at which neural precursors arise Leyns et al., 1996) . To investigate the extent to which biological and molecular processes involved in¯y and vertebrate neurogenesis have been conserved, we have cloned a number of chick homologues of the Iroquois genes. Here we present the sequence and the pattern of expression of one Iroquois homologue, cIrx2.
We have used the homeobox region of a chick homologue of the Iroquois complex, c-Irx1 (ms in preparation) to screen at medium stringency a HH stage 12±14 (Hamburger and Hamilton, 1951) chick cDNA library from which we isolated a single 1.8 kb clone encompassing the full open reading frame of c-Irx2 (Fig. 1A) . Sequence alignments show that c-Irx2 is the orthologue of the Xenopus Xiro2 with which it shares 80% identity (87.5% similarity) in overall protein sequence. All the Iroquois molecules reported so far contain a very well conserved homeodomain (HD) which belongs to a divergent class of HD and only shares a few common amino acids with the archetype Antennapedia HD (Fig. 1B) . Another characteristic of the Iroquois family is a small region of homology in the Cterminal portion of the protein (the Iroquois box) which is found in all members of the family including c-Irx2 (Burglin, 1997) .
c-Irx2 expression is ®rst detected in stage HH41 chick embryos in the neural plate on either side of the midline anterior to the primitive streak ( Fig. 2A) . By HH5, c-Irx2 transcripts are now found in two trapezoid-shaped regions (Fig. 2B) , which are fated to give rise to the midbrain and hindbrain (Spratt, 1952) . Signi®cantly, c-Irx2 expression is absent from prospective¯oorplate cells at the ventral midline. Transverse sections reveal that c-Irx2 transcripts are restricted to the neural plate except at the lateral edges of the embryo where c-Irx2 is also expressed in underlying mesendoderm cells (Fig. 2C,E) . Between stages HH5±6 cIrx2 expression extends caudally in concert with the regressing node, but is always found rostral to the primitive streak (Fig. 2D ). By stage HH7/8, however, c-Irx2 transcripts are restricted to the prospective midbrain/hindbrain (Fig. 2F,G ), but are also still detected in the lateral mesendodermal cells outside of the CNS (Fig. 2H) . From HH81/9 (Fig. 2I ) the pattern of c-Irx2 expression progressively resolves to a single stripe within the neural tube which at later stages (from HH12) corresponds to rhombomeres 1/2 (Fig. 2J) . In later embryos (HH15/16), c-Irx2 is transiently restricted to rhombomere 1 within the CNS (Fig. 2K,L) . At this stage it is also detected in a sub-population of cells in the otic vesicle ( Fig. 2L ; also see Fig. 2M ,O and P), as well as faintly in super®cial ectoderm cells outlining the branchial arches (not shown). Unlike its homologue c-Irx4, c-Irx2 is not expressed in the developing heart (see Fig. 2J ,L) nor in the eye (Fig. 2L,M,N) (Bao et al., 1999) . After stage HH18, c-Irx2 expression extends caudally from rhombomere 1 (Fig. 2M) (Exd) and Pbx) and the archetype homeodomain Antennapedia (Antp). Conserved residues are indicated by dashes. The extent of the four helices of the homeodomain are indicated by brackets. The Iroquois class of HD is unique in that its members possess an alanine residue at position 9 (in bold) of the recognition helix (3rd helix) -which determines the DNA binding speci®city of this type of molecule (Treisman et al., 1989) . Xenopus sequences Xiro1 and Xiro2 (Gomez Skarmeta et al., 1998) , Xiro3 (Bellefroid et al., 1998) . Mouse sequences mIrx1-mIrx3 (Bosse et al., 1997) . Drosophila Caupolican (D-Caup) and Araucan (D-Ara) , D-Mirror (D-Mirr) (McNeill et al., 1997) . Chicken c-Irx4 (Bao et al., 1999) . C. elegans (ce-Irx) and human sequences (hIrx1-hIrx5) are conceptual translations of six cDNAs obtained from Swiss-prot/EMBL/Genbank (accession numbers are Q93348 for ce-Irx and U90308, U90304, U90305, U90306 and U90307 for hIrx1 to hIrx5, respectively). the ventral midline to approximately rhombomere 4, while two further weakly expressing stripes (lateral to the sulcus limitans) extend to an ill-de®ned caudal limit (Fig. 2O) . At this stage a novel domain of c-Irx2 expression is observed in the neural crest-derived mesenchyme cells adjacent to the eye which are likely to contribute to the extrinsic muscles of the eye (Noden, 1988) , (Fig. 2M,N) .
Although the sequence comparison strongly suggests that c-Irx2 is the orthologue of Xiro2 and mIrx2, there are signi®cant differences in the expression patterns of these genes. While c-Irx2 transcripts are transiently restricted to a single rhombomere, both Xiro2 and mIrx2 appear to be more widely expressed within the nervous system Bosse et al., 1997; Gomez Skarmeta et al., 1998 . Furthermore, the mIrx2 transcript is ®rst detected at E8.5, which is later than both cIrx2 and Xiro2. A further divergence between murine and chick Irx2 expression is the absence of c-Irx2 in the developing limbs (not shown). Thus, there are species speci®c patterns of Irx2 expression that are relevant to the study of gene function within the early neural plate and the segmenting hindbrain and in particular during the development of cerebellum, which is derived largely from rhombomere 1.
